Dysfunction of the hypothalamo-pituitary adrenal axis has become a central feature in descriptions of the pathophysiology of sepsis. However, despite hundreds of published articles including literature reviews and consensus statements, controversy still exists regarding the fundamental nature of the disorder and its relevance to clinical management. Often referred to as 'relative adrenal insufficiency', a recent consensus conference has proposed the alternate term 'critical illness related corticosteroid insufficiency' and suggested diagnostic criteria of a delta serum cortisol of less than 9 µg/l after adrenocorticotrophic hormone administration or a random total cortisol of under 10 µg/l. This review attempts to establish a critical reappraisal of the evidence for the existence of relative adrenal insufficiency/critical illness related corticosteroid insufficiency in patients with sepsis and examines the background, controversies and possibilities for future research into the condition.
Dysfunction
of the hypothalamo-pituitary adrenal (HPA) axis has become a central feature in descriptions of the pathophysiology of sepsis. However, despite hundreds of published articles, including literature reviews and consensus statements, controversy still exists regarding the fundamental nature of the disorder and its relevance to clinical management. Often referred to as relative adrenal insufficiency (RAI), a recent consensus conference has proposed the alternate term critical illness related corticosteroid insufficiency and suggested diagnostic criteria of a delta serum cortisol of less than 250 nmol/l (9 µg/dl) after adrenocorticotrophic hormone administration or a random total cortisol of under 276 nmol/l (10 µg/dl) 1 .
In this review we attempt to establish a critical reappraisal of the evidence for the existence of RAI/ critical illness related corticosteroid insufficiency in patients with critical illness and examine the background, controversies and possibilities for future research into the condition. Cortisol concentrations are presented as both µg/dl and nmol/l; 1 µg/dl=27.6 nmol/l.
PHYSIOLOGY
The HPA axis forms the keystone of the organisms response to stress and its primary output in man is cortisol. There are a variety of stimuli to cortisol secretion, including tissue damage, cytokine release, hypoxia, hypotension and hypoglycaemia. These factors act upon the hypothalamus to favour the release of corticotrophin releasing hormone (CRH) and vasopressin. CRH is synthesised in the hypothalamus and carried to the anterior pituitary in portal blood, where it stimulates the secretion of adrenocorticotrophic hormone (ACTH), which in turn stimulates the release of cortisol, mineralocorticoids (principally aldosterone) and androgens from the adrenal cortex. Corticotrophin releasing hormone is the major (but not the only) regulator of ACTH release and is secreted in response to a normal hypothalamic circadian regulation and various forms of 'stress'. Vasopressin, oxytocin, angiotensin II and beta-adrenergic agents also stimulate ACTH release while somatostatin, beta-endorphin and enkephalin reduce it. Cortisol has a negative feedback on the hypothalamus and pituitary, inhibiting hypothalamic CRH release induced by stress and pituitary ACTH release induced by CRH. During periods of stress, trauma or infection, there is an increase in CRH and ACTH secretion and a reduction in the negative feedback effect, resulting in increased cortisol levels, in amounts roughly proportional to the severity of the illness [2] [3] [4] .
Under normal circumstances, cortisol is secreted in pulses and in a diurnal pattern 5 . The normal daily output of cortisol is 40 to 80 µmol/day (i.e. 15 to 30 mg/day), producing a maximum plasma cortisol level of 110 to 520 nmol/l (4 to 19 µg/dl) at 0800 to 0900 hours, and a minimal cortisol level of less than 140 nmol/l (<5 µg/dl) after midnight.
The majority of circulating cortisol is bound to an alpha-globulin, cortisol-binding globulin (CBG), otherwise known as transcortin. At normal levels of total plasma cortisol (e.g. 375 nmol/l or 13.5 µg/dl), less than 5% exists as free cortisol in the plasma: however, it is this free fraction that is biologically active. In normal subjects CBG can bind approximately 700 nmol/l (25 µg/dl) 6 . At levels greater than this, the increase in plasma cortisol is largely in the unbound fraction. CBG is a substrate for elastase, a polymorphonuclear enzyme that cleaves CBG, markedly decreasing its affinity for cortisol 7 . This enzymatic cleavage results in the liberation of free cortisol at sites of inflammation. Free cortisol passes through cell membranes to bind with the glucocorticoid (GC) receptor, following which the steroid-receptor complex migrates to the nucleus and influences gene transcription 8, 9 . There is 
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The actions of cortisol are pivotal to normal metabolism. It is essential in the maintenance of normal vascular tone, endothelial integrity and potentiates vasoconstrictor action 11 . Its effects upon the immune system are anti-inflammatory and immunosuppressive 12 . The production of cytokines is inhibited, an effect that is mediated via nF-kB 13 . Lymphocyte cell counts decrease, while neutrophil counts rise 12 . While the well-defined effects of cortisol upon the immune system are primarily inhibitory, it is also suggested that normal host defence function requires some cortisol secretion. Cortisol has been described as having a positive effect on immunoglobulin synthesis, potentiation of the acute phase response, wound healing and opsonisation 6 .
BACkGROUnD
The central role of the HPA axis in the response to stress has now been well characterised. Seyle's observations from the 1940s demonstrated that adrenalectomised animals exposed to shock had a high mortality rate which could be ameliorated by treatment with cortisol. Subsequently it has been confirmed that under conditions of physiological stress there is an increase in ACTH and cortisol secretion, in amounts roughly proportional to the severity of the insult. Surgical procedures such as laparotomy have been observed to increase cortisol concentrations by 84% over the preoperative concentrations, while after less extensive operations such as joint, breast or neck procedures the relative increase is 36% 11 . Patients with a suppressed or non-functional HPA axis have a higher mortality and under conditions of stress require GC supplementation.
The phrase 'relative adrenal insufficiency' appears to have first been proposed by Pollak 14 and adopted by Seyle. Its use in this initial descriptive sense indicated a state in which there has been activation of the adrenal response, but of an inadequate magnitude in proportion to the insult. Several early reports suggested that the outcome from critical illness may be significantly influenced by the presence of RAI. An increase in mortality was observed in the early 1980s following the introduction of etomidate as a sedative agent for critically injured patients. etomidate is known to impair cortisol synthesis by inhibition of 11-β hydroxylase, and following its use as an infusion in patients with multiple trauma admitted to intensive care, there was an observed increase in mortality from 28 to 77% 15 . This increase resolved once etomidate use was discontinued. At roughly the same time, observations of plasma cortisol measurements on non-selected patients admitted to a general intensive care unit (ICU) suggested that lower plasma cortisol concentrations were associated with a higher mortality 16 .
Further reports described critically ill patients with multi-organ failure, in whom the cortisol response following synthetic ACTH administration was reduced: these patients appeared to improve following treatment with GCs 17, 18 . Thus, there appeared to be reasonable grounds to suspect that a relative deficiency of cortisol may be influencing the outcome from critical illness and sepsis.
eVIDenCe FOR THe eXISTenCe OF RAI In CRITICAL ILLneSS
Supporting evidence for the existence of RAI as a clinical entity has primarily come from interpretation of plasma cortisol concentrations, either single plasma measurements or in response to administration of synthetic ACTH. Other clinical signs, such as hyperdynamic shock, abdominal pain, electrolyte disturbances or eosinophilia do not appear to be either specific or sensitive in the setting of critical illness. Many different diagnostic criteria have been proposed, of which the most common suggest either a minimum threshold random cortisol measurement during critical illness or a minimum peak or minimal response in plasma cortisol following a standard corticotropin test (Table 1) . However, there are serious limitations to all of these proposed criteria.
RAnDOM PLASMA CORTISOL eSTIMATIOnS
Critically ill patients are almost uniformly reported to increase their plasma cortisol levels in response to the physiological stress to which they have been exposed. It is considered that endogenous stress is superior to exogenous ACTH administration for the purposes of diagnosing adrenal insufficiency, hence the rationale for using insulin-induced hypoglycaemia as the gold standard investigation 19 . Thus single plasma cortisol estimations performed during periods of severe illness might reasonably be expected to reflect the degree of HPA axis activation. The theory of RAI predicts that in a proportion of patients the elevation of plasma cortisol levels is insufficient for the severity of their illness. This should be expected to manifest as an increase in observable mortality associated with plasma cortisol values at the lower end of the range seen in critical illness.
However, attempts to verify this prediction have not been successful and overall it has not been possible to document a minimum plasma cortisol level below which there is an increase in mortality. Sibbald et al 18 20 . However the majority of other studies have not replicated these findings.
Span and co-workers described 159 critically ill patients with a mean plasma cortisol of 600±280 nmol/l (21.7±10 µg/dl). non-survivors had significantly higher levels than survivors 21 . Similarly, Jarek et al documented higher cortisol levels in non-survivors of a group of 61 ICU patients 22 , 23 . In a study of 37 patients with sepsis, the median cortisol value was 1399 nmol/l, range 430 to 11040 nmol/l (50.7, 15.6 to 400 µg/dl) with no significant difference between survivors and non-survivors 24 27, 28 . The lack of clear data has resulted in a number of suggested threshold values for random plasma cortisol to diagnose RAI in the critically ill: these vary from 345 to 690 nmol/l (12.5 to 25 µg/dl) 16, 25, [29] [30] [31] [32] . Indeed, when studies comparing plasma cortisol values in survivors and non-survivors are examined, there is a clear trend towards higher cortisol values in non-survivors ( Figure 2 ). This observation is the opposite of that predicted by the concept of RAI, namely that non-survivors should have lower cortisol levels.
There are a number of possible explanations for the inability to delineate a minimum threshold total plasma cortisol value in critical illness. First, it appears that there are significant hourly variations in the plasma cortisol concentrations in the critically ill. In a study of 20 septic shock patients performing hourly cortisol measurements, we have demonstrated that total plasma cortisol has such marked variability that a random value has limited diagnostic utility. The individual mean plasma cortisol concentrations ranged from 286±59 nmol/l to 796±83 nmol/l (10.4±2.1 to 28.8±3 µg/dl) with marked hourly variability (CV 8 to 30%). There was no correlation between total plasma cortisol and outcome 33 . next, it is possible that gender differences may have contributed to the difficulties in analysing the adrenocortical response. In the various septic shock studies, the male:female ratio has varied from 0.8 to 3.4. Available evidence does suggest that gender can influence hormonal response to stress 34, 35 and thus may act as a confounding variable. Specifically, males may exhibit an increased sensitivity to GCs following exposure to stress, whereas GC sensitivity decreases in females. Further complicating factors arise from the observation that studies in this area are not uniform with respect to the time period examined. GC concentrations during sepsis have been shown to vary substantially over the time course of the illness. The highest cortisol levels are seen in the early stage of sepsis, with a gradual decline in the later phases 36 . This is illustrated in Figure 3 with data from our own observations of 21 patients in septic shock. Total and free cortisol measurements were performed by mass spectrometry over a time course of 10 days. A review of the published literature shows that patients have been studied from as early as eight hours within onset of shock and up to 61 days after illness 16 and their data have been pooled together to define optimal adrenal response to critical illness. The former defines the acute adrenal response while the latter identifies the response during chronic critical illness. In some studies, the time from admission to adrenal assessment was not clearly stated 37 .
Finally, we have reported that there is a high degree of variability between cortisol assays which may potentially confound the diagnosis of RAI resulting in erroneous labelling of the person's adrenal status 38 .
THe CORTICOTROPIn TeST
The failure of random plasma cortisol estimations to provide a correlation with outcome has led to a focus on alternate methods of measuring adrenal insufficiency, of which the standard short corticotropin test has become the most widely used. Originally described in 1965 39 , the test comprises the measurement of plasma cortisol concentrations immediately prior to and at 30 and 60 minute intervals after the intravenous administration of 250 µg of 1-24 ACTH. In normal individuals, this stimulus will lead to an increase in serum cortisol to peak concentrations of 500 nmol/l (18 µg/dl) or greater 19 . The test forms part of the standard biochemical investigation of suspected adrenal insufficiency.
The use of the corticotropin test in patients with critical illness has resulted in more consistent correlation with outcome than random plasma cortisol concentrations. early studies in the area documented an association with a blunted response to cosyntropin with a poor outcome. Rothwell at al described 13 patients with septic shock and elevated basal cortisol, in whom the response to ACTH was less than 250 nmol/l (9 µg/dl); all died 40 . Similarly, in a study examining a population of 26 patients with severe sepsis, five were found to have reduced ACTH responsiveness. All but one of these patients died, the survivor having been treated with pharmacological doses of steroids 18 .
In 2000, Annane et al published a large prospective investigation into the response to the standard corticotropin test in patients with septic shock 29 . They described 189 patients with septic shock and detailed a three-level classification system based upon the basal cortisol level and response to ACTH 29 . Mortality was found to be highest in those patients with a basal cortisol level above 938 nmol/l (34 µg/dl) and response to ACTH of less than 248 nmol/l (9 µg/dl). Patients with a basal cortisol above 938 nmol/l (34 µg/dl) but a cortisol response greater than 248 nmol/l (9 µg/dl) did better, while the best prognosis was seen in the group with a lower basal cortisol level and high response to ACTH. Other workers have described similar findings: Moran et al 28 demonstrated that an increase in mortality was predicted by a decreased responsiveness to ACTH; likewise Bollaert et al in a retrospective study of 82 patients with septic shock reported that both high basal cortisol and a poor increment on corticotrophin administration were independent predictors of mortality 41 . However, not all investigators have been able to replicate these findings 22, 25, 26 and a number of suggested diagnostic criteria have been published, including a baseline cortisol below 500 nmol/l (18 µg/dl) at any time 42 an absolute rise of less than 200 nmol/l (7 µ/dl) or a peak of less than 550 nmol/l (20 µg/dl) 43 , a rise of less than 250 nmol/l (9 µg/dl) 29 and a rise in stimulated cortisol over baseline 25 . A more recent large scale retrospective study 44 evaluated 562 patients with sepsis and determined that incremental response to ACTH stimulation was independently associated with mortality, whereas cortisol levels alone were not. While the controversy related to the diagnostic criteria for adrenal insufficiency is not settled, more recent review articles suggest that a rise in baseline cortisol of less than 250 nmol/l (9 µg/dl) in response to a standard short corticotropin test is diagnostic of adrenal insufficiency in the critically ill 1 .
COnTROVeRSIeS ReLATeD TO THe CORTICOTROPIn TeST
While it is clear that a reduction in responsiveness to the corticotropin test is associated with a poor outcome in sepsis, the interpretation of this finding is debatable. A primary concern is related to the use of cortisol increment, rather than peak cortisol response as the outcome determinant. The cortisol increment (defined as the peak cortisol concentration at either 30 or 60 minutes subtracted by the baseline) has been shown to be an unreliable index of adrenal function as it may not distinguish normal patients from those with adrenal insufficiency. Speckart et al demonstrated that in a proportion of normal controls, the increment in response to a corticotropin test was less than 200 nmol/l (7 µg/dl), whereas the peak values all exceeded 500 nmol/l (18 µg/dl) 45 . Stewart et al documented that patients with a high basal cortisol may fail to achieve a cortisol rise in response to a stimulation test but would not necessarily fail an insulin tolerance test 46 . Widmer et al also demonstrated that in a third of healthy unstressed controls a cortisol increment of over 250 nmol/l (9 µg/dl) was not reached, despite all the patients reaching peak cortisol concentrations of over 500 nmol/l (18 µg/dl) 47 . It is also likely that preexisting high circulating ACTH levels may suppress the cortisol response; Arvat et al examined the effect of repeated corticotropin administration on 12 healthy volunteers and demonstrated that the response to ACTH was inversely related to the dose of the previous challenge 48 , speculating that this may represent either exhaustion of adrenal reserve or a self-protective mechanism against adrenal overstimulation. This may be an important mechanism in sepsis due to high circulating ACTH levels 49 . The lack of a pre-defined peak cortisol as a index of adequate adrenal response in this setting leads to what may appear to be a biologically implausible scenario: a patient with a high peak cortisol but reduced cortisol increment may be defined as suffering from adrenal insufficiency, whereas one with an adequate increment but substantially lower peak cortisol may not. This apparent contradiction has led to the suggestion that high circulating cortisol concentrations in this setting represent evidence of tissue GC resistance, a subject we address in a subsequent section.
The lack of biological robustness of the cortisol increment as an index of adrenal insufficiency raises perhaps the most important question with respect to its validity; that is, is it truly a modifiable risk factor or merely a marker of severity of injury? The issue is central to the concept of adrenal insufficiency in the critically ill, but is clearly a difficult one to address. The pattern of a reduced cortisol increment can be observed in a number of other conditions apart from sepsis: these include head injury 50 , trauma 51 and burns 52 , which may suggest that it is a general response to critical illness. At present the evidence that treating patients with septic shock and a reduced cortisol increment results in an improved outcome is contradictory. The 2002 study by Annane et al suggested an improved outcome in these patients, whereas the CORTICUS study was not able to replicate these findings 53, 54 .
There are further controversies which relate to the conduct and interpretation of the corticotropin test. The standard 250 µg dose can result in circulating concentrations of ACTH as high as 60,000 pg/ml, which are far higher than those normally observed during stress 31 . A low dose regimen, using 1 µg of ACTH has therefore been advocated, with evidence that it is more sensitive and specific for the diagnosis of adrenal insufficiency 55 . However, most of this data has been collected from the non-critically ill population. Marik et al compared the high dose and low dose tests in a population of septic patients 31 . Using the haemodynamic response to corticosteroids as a gold standard for the diagnosis of adrenal insufficiency, they determined the sensitivity of the low dose test as 62%, compared to that of the high dose test as 29%. However, as discussed earlier, a gold standard for diagnosis has not been generally agreed upon and the relative lack of data on the low dose test in the critically ill population has meant it has not yet gained widespread support 30 .
Anaesthesia and Intensive Care, Vol. 38, No. 3, May 2010 ALTeRnATIVe MeTHODS TO ASSeSS ADRenAL InSUFFICIenCY In THe CRITICALLY ILL Given the difficulties associated with random cortisol estimation and the corticotropin test, alternative diagnostic strategies have been examined. These include estimation of free cortisol, use of the metyrapone test and the clinical response to GC administration.
The majority of circulating cortisol (90%) is bound to CBG and it is only the free fraction that possesses biological activity. During critical illness, levels of cortisol binding globulin decrease 49 and free cortisol levels may increase secondary to the cleavage of cortisol binding globulin by neutrophil elastase. However, commercial assays only measure the total plasma cortisol, so a physiologically significant rise in free cortisol would be missed.
Free cortisol levels in intensive care patients have been examined in a recent study 56 which demonstrated that in patients with hypoproteinemia, serum total cortisol levels were reduced, whereas the serum free cortisol levels were in fact elevated. Another study, examining patients with sepsis and septic shock, suggested that free cortisol correlated with sickness severity more closely than did total cortisol 57 . However, the superiority of free cortisol estimation over total cortisol is by no means clear. A prospective examination of 125 patients with sepsis or septic shock failed to demonstrate any advantage of free cortisol as a predictor of outcome 58 and an investigation into 278 patients presenting with community-acquired pneumonia produced similar results 59 . Free cortisol estimations are not yet widely available, thus limiting the potential usefulness of the test. There is however, evidence that calculation of the free cortisol index, from measurement of either CBG or albumin, correlates reasonably well with measured free cortisol values 57, 60 .
The metyrapone test was initially developed as a test of pituitary reserve 61 . Metyrapone inhibits the adrenal enzyme 11-β hydroxylase which converts 11-desoxycortisol to cortisol. When given to subjects with normal adrenal function the decline in serum cortisol concentration stimulates ACTH production, leading to an increase in adrenal steroidogenesis proximal to the site of enzyme blockade and a subsequent accumulation of 11-desoxycortisol.
Annane et al studied the effect of performing a metyrapone test on 101 patients with sepsis 62 . Adrenal insufficiency was diagnosed in 60% of patients on the basis of inadequate rise in 11-desoxycortisol and in 32% of patients on the basis of a corticotropin test. The authors concluded the metyrapone testing may be a useful adjunct to diagnosing adrenal insufficiency in this patient group.
Administration of hydrocortisone has been shown to decrease the time to shock reversal in vasopressordependent patients with sepsis 63, 64 , which has led to the suggestion that this response may be used as a clinical index of adrenal insufficiency 31 . However, while some studies have suggested that plasma cortisol concentrations may predict those patients who exhibit a haemodynamic response to GC treatment 65, 66 , others have failed to demonstrate this effect 63, 67 . In the large scale CORTICUS trial, patients designated as responding to a corticotropin test had a faster rate of shock reversal, but this was not associated with a survival benefit and the total numbers of patients who underwent reversal of shock was not affected by hydrocortisone treatment. The authors speculated that these findings may be unrelated to adrenal insufficiency 54 .
TISSUe GLUCOCORTICOID ReSISTAnCe
More recently it has been suggested that peripheral tissue resistance to glucocorticoid activity may play an important role in the HPA axis response to critical illness 1 . Peripheral GC resistance has been described in a number of chronic inflammatory conditions, including asthma, rheumatoid arthritis and inflammatory bowel disease 68 . This is a plausible mechanism which may partly explain the observed difficulties in assessing adrenal function using plasma cortisol concentrations in this group. However, while it is apparent that there are a number of changes in GC metabolism that occur at the cellular level in patients with sepsis, the clinical relevance of these changes is not yet clear.
Glucocorticoids, of which cortisol is the primary example in man, circulate in both bound and free forms. At normal levels of circulating cortisol, the majority (over 95%) is bound to an α 2 -globulin, CBG, with a small fraction bound to albumin. The remainder circulates as a free fraction and it is this portion that exerts biological activity. Free plasma cortisol passes from the plasma to the interstitium and then through the cell membrane where it binds to the intracellular GC receptor.
The interstitial cortisol concentration thus represents the available GC pool which is able to enter the cell and bind to the GC receptor. As such, it may be a more accurate marker of tissue cortisol activity than plasma concentrations. However, the reference range for interstitial cortisol in the critically ill patient is unknown. It has historically been assumed that total plasma cortisol concentrations determine free plasma cortisol concentrations which relatiVe adrenal insuFFiCienCy in intensiVe Care Anaesthesia and Intensive Care, Vol. 38, No. 3, May 2010 in turn determine interstitial cortisol concentrations; the so called 'cortisol cascade'. However, microdialysis studies examining antibiotic concentrations have demonstrated that tissue and interstitial levels may be significantly dissociated 69 . A number of factors may lead to similar dissociations between plasma and interstitial cortisol concentrations. Cortisol can be cleaved from cortisol-binding globulin by the actions of neutrophil elastase, an enzyme released from polymorphonuclear leukocytes at the site of inflammation 7 . The extensive inflammatory response noted in sepsis may therefore lead to an increased interstitial cortisol concentrations via this mechanism. Additionally, intracellular cortisol, generated from cortisone secondary to the activity of 11-betahydroxysteroid dehydrogenase 1 enzyme, can diffuse into the interstitium 70 , thus contributing to the interstitial pool of free cortisol.
Other factors may influence interstitial cortisol concentrations. These include interstitial fluid volume, capillary "leakage" and peripheral tissue perfusion, all of which are likely to be significantly abnormal in patients with critical illness. To date there are no experimental data examining interstitial cortisol concentrations in critical illness. We have recently completed a pilot study into the feasibility of measuring interstitial cortisol concentrations in patients with severe burn injury using a microdialysis technique 71 . Our preliminary findings suggest that interstitial cortisol concentrations are elevated in this patient group and are poorly correlated with the free plasma concentrations.
Following its passage into the cell, cortisol is subject to the actions of the 11-β hydroxysteroid dehydrogenase (11-β HSD) enzyme system. This widely distributed intracellular system exists as two isomers; 11-β HSD 1 is primarily reductase and generates cortisol from inactive cortisone, whereas 11-β HSD 2 is a dehydrogenase and inactivates cortisol by converting it to cortisone 72 . The relative activity of these isomers thus has a profound effect upon intracellular cortisol levels, which will be tissue specific.
The HSD system has been the subject of intense investigation in recent years and it has become apparent that it has a central role in the control of GC metabolism. Abnormalities of the system have been implicated in the pathogenesis of obesity, hypertension and the metabolic syndrome 73 . Genetically modified mice with excess 11-β HSD 1 production develop obesity, hypertension and dyslipidaemia; similarly knockout 11-β HSD 1 mice are resistant to these conditions. However, despite the large research interest in this field, very few studies have examined the role of the 11-β HSD system in critical illness. We have recently published data showing the plasma cortisol to cortisone ratio, an index of total body HSD activity, is increased in critically ill patients with sepsis and trauma 74 . This is suggestive of increased 11-β HSD 1 activity, which would lead to an increase in intracellular cortisol generation. This observation is consistent with other lines of evidence demonstrating similar elevations of cortisol: cortisone ratio in general and postoperative hospital patients 75, 76 , and in vitro studies revealing up regulation of 11-β HSD 1 gene expression after exposure to pro-inflammatory cytokines 77 . We have recently observed a similar increase in 11-β HSD 1 expression in hepatic and adipose tissue from rats undergoing a caecal perforation model (paper in preparation).
Glucocorticoid action is mediated through the GC receptor, a cytosolic protein that is part of the nuclear hormone receptor superfamily. Prior to binding to GC, the cytoplasmic GR forms a multiprotein complex with several proteins, including heat shock proteins, co-chaperones and various protein kinases. Binding of GC to the ligand domain of the receptor results in dissociation from the multiprotein complex and translocation of the receptor-ligand complex into the cell nucleus. Translocation occurs within 30 minutes of exposure of the cell to GC and results in binding to specific DnA binding sites termed GC response elements. GC response elements can have positive or negative effects on transcription, affecting an estimated 2000 genes. The GC receptor also directly interacts with a number of other transcription factors, including the proinflammatory nuclear factor κB.
GR expression and transcription appears to be significantly changed in sepsis and critical illness, with the preponderance of evidence suggesting a decrease in GR function. Pariante and co-workers demonstrated that interleukin-1α reduced GR translocation and GR mediated gene transcription in mouse fibroblast cell line 78 , while TnFα has also been shown to impair GR mediated transcription 79 . GC receptor binding has been show to be reduced in experimental models of sepsis in dogs 80 , rats exposed to thermal injury 81 and in leucocytes of patients with sepsis 82 . However, a study of skeletal muscle in rats suggested an increase in GR expression and function 83 . In a recent study carried out in guinea pigs, sepsis induced by lipopolysaccharide reduced GR expression in lung, kidney and spleen tissue. In contrast, nF-κB translocation to the nucleus and binding activity was significantly increased 84 .
Anaesthesia and Intensive Care, Vol. 38, No. 3, May 2010 These results would seem to indicate that significant changes occur in tissue GC metabolism during sepsis and septic shock, but the overall clinical relevance of these changes is still unclear. Decreases in GC receptor expression and activity need to be interpreted in the setting of increased intracellular cortisol availability, and there are no data that relate indices of tissue GC activity to outcome in critically ill patients.
SUMMARY
The concept of relative adrenal insufficiency, or critical illness corticosteroid insufficiency, has caused a great deal of debate. Our assertion is that the evidence to support its existence as a relevant clinical entity is currently not compelling. The hypothesis predicts that patients with random plasma cortisol concentrations below the diagnostic threshold would have worse outcomes but data from multiple studies do not demonstrate this relationship. The corticotropin test can be shown to correlate with outcome but the cortisol increment is not a reliable marker of adrenal insufficiency, and there is no convincing evidence to suggest it is any more than an indicator of illness severity. The concept of tissue GC resistance in critical illness is highly plausible; however, there is as yet no gold standard method for measuring tissue activity and no available data on its relationship to clinical outcomes. We therefore suggest that the terms 'RAI' and 'critical illness related corticosteroid insufficiency' be abandoned and that routine testing of adrenal function in critically ill patients is unnecessary. For patients who are suspected of having Addison's disease, standard endocrinological diagnostic criteria should be used. If further research leads to accurately identifying patients who manifest tissue GC resistance, a targeted trial of GC therapy in this group may well be indicated.
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